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MOTORIZED WHEEL FOR VBHIOIS 
I / ABSTRACT 

A motorized wheel for a vehicle comprising an axle 
(1) t a rim (2) capable of rotating about the axle ("I), 

5 a controlled voltage unit (32) end an electric motor 

comprising a stator (4) mounted on the axle. (1) and having 
a Magnetic circuit (5) with eleotric magnets (6, 7) „ 
arranged in two groups gnd a rotor (10) connected to the 
rH (2) and hgving a magnetio " circuit (11) with magnetic 

-10 elaknente (12) , current collector (8 and 9) and a eommuta- 
tori (13) . The groups of eleotric magnets (6 and 7) are 
di*tplaced relative to each other so that, when the slip 
elements (17* 18 or 19 • 20) of the current collector 
(B £r 9) corresponding to am group of electric magnets 

15 (6 br 7) are located between the. bare (14, 15) of the 
commutator (13) » *ke eleotric magnets (6 or 7) of this 
group are disconnected from the controlled voltage, 
unlit (32) 9 while the electric magnets (7 or 6) of the 
other group; are connected through the contaot element 

20 (2H>» slip elements (19> 20 or 17t 18) of the current 
ooliLeotor and the bars (14, 15) of the commutator (13) 
to the controlled voltage unit (32) and- are magnetically 
coupled with the magnetic elements (12) of the rotor 
providing rotation of the rim (2); in this case, the . 

25 8ze)9 (43) of the eleotric magnets- (6 or 6) of this groups 
ar*l disposed between the axes (44) of the laagnetio ele- 
ments (12) of the rotor (10). 
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MOTORIZED VHS3L FOH VEHICLE 
Engineering Field 
The invention relates to motors for vehicle movers 
and, more particularly, the invention relates* to a moto- 
5 rized wheel, which can be used as a drive fori electric 
.hikes, invalid vehicles, wheeled chairs, factory shop* 
transport, electric oars, battery-operated tractors 
and trucks, mini eleotrio buses, various battery-operated 
carriages and rollers. 
10 Prior Art 

The prior art designs of motorized wheels; as a rule, 
are systems including an eleotrio motor whose: torque 
is mechanically transmitted to a wheel through a reduc- 
tion gear or an axle* 
15 Widely used in practice are motorized wheals provi- 

ded with a reduction gear and a high-speed induction 
motor characterized by a good power gain (Stf f tA, 910480) • 
These motorized wheels, compared to internal combustion . 
engines | are eoologically harmless, reliable and eoonomi- 
2q cal but need a reduotion gear and a high-voltage power 
supply 9 

Much more promising are reducer-free motorized 
wheels, in which the wheel is rotated due to olectro- 
magnetio interaction of the magnetic systems of the 

25 stator and rotor (SU, A, 628008), having a. ria and an 
axle with a built-in asynchronous electric machine. 
The eleotrio motor is made in the form of a disk-shaped 
induction motor whose stator, together with the magnetic 
circuit, windings and current sonduotors is secured 

30 on a stationary axle of the wheel, while the rotor with a 
squirrel-cage winding and magnetio circuits disposed at 
both sides of the atator form a wheel capable iof . rotating 
relative to the stator. Mounted on the rotor is a pneuma- 
tic tyre or another appliance. 

35 Such a motorized wheel features high reliability 

due to the absence of a mechanical reduction gpar and 
effective cooling of the stator and rotor by a cooling 
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of the stafcor and rotor by a cooling medium passing 
through the radial passages in the atator coupled with 
inlet and outlet pipe branches made in the stationary 
axle, as well due the presence of radial cavities in 

5 the rotor » 

However, the prior art motorized wheels employing 
such a unit as an induction motor is. characterised by 
low reliability and efficiency, hi*£h heat release due 
to the residual field intensity in the magnetlo cir- 

1Q ouit and the S.tt.F* effects, poor regulation properties, 
a complex control system and use a controlled* high- . 
voltage power supply having insuff i Giant longevity. The 
prior art device does not provide energy recovery in 
the process of braking the vehicle ♦ 

15 The most close to the proposed technical * solution 

is a motorized wheel having a rim, an axle, an electric 
drive with a voltage regulator and a built-in j electric 
motor consisting of two parts, one of whloh ia a statio- 
nary -stat or mounted on the axle and having a magnetic 

2o oircuit with uniformly allocated permanent magpets, 

while the other pari; includes a movable rotor carrying 
a rim and having a magnetic circuit with at l&ast two 
groups of electric magnets, a commutator secured to 
the stator and having insulated current-ponduo*ing bars 

25 . eleotrically interconnected in an alternating jorder 

(via every other bar) into two groups and to a voltage 
control unit, current collectors with two slip current 
collecting elements secured on the rotor, a pair of 
elements of each current colleotor is connected to 

30 the leads of the electric magnets of one respective 
group and has an electric contact with the commutator 
bars (PCT/SU 9O/002O9). t 

This motorized wheel has several modifications i 
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modele of different finish, systems with energy recovery 
during the motion, end-face mounted electric machine - 
and so on. 

The above described motorized wheei has sane in— 
5 herent advantages, the absence of .a reduction gear, the 
eieotrio motor is built in a wheel > uae of low-woltage 
power sources, the absence of additional eystemo, energy 
recovery in the process of braking the vehicle land return 
of the oouate*-e auf . energy during the motion,! low 
10 weight and size. 

However, this motorized wheel alao has a number 
of disadvantages, the main of which oonslsta id the 
mounting of eieotrio magnets on the movable pais*. Such 
an arrangement reduces the reliability of the whole 
^5 construction, because the eieotrio magnets are more 
complex in manufacture than permanent magnets and are 
mounted on the external and movable wheel partJ The 
installation of the heavy and complex eieotrio :»agnete 
on the rotor worsens the dynamic and regulation oharac- 
20 terietios of the motorized wheels used in transport 

vehicles* The connection of the eieotrio magnets through 
oontact elements does not allow one to switch over the 
windings, and this hinders the attainment of a constant- 
power operating mode# In view of some well known reasons, 
25 the contact connections do not permit high current 

to be used, that is, high output power oannot ibe ob- 
tained* 

Disclosure of the Invention 
The basic oboeot of the invention is to o*»ate suoh 
30 a motorized wheel, in which the mutual arrangement and 
electric connection of the components and theiri interac- 
tion would provide reliability and improve the control 
characteristics, when using low-voltage power supplies 
(up to 60 V), with a constant power output undecr variable 
35 loads and. speed aooeleration* * 
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This object is attained by providing a motorized wheel 
comprising an axle, a rim capable of rotating about 
the axle; an eleotrio drive -with a controlled voltage 
unit and an eleotrio motor built in the tfheel and oon- 

5 slating of two paats, one of which is a stator? rigidly 
eeoured on the axle and having a magnetic circoit-,with 
magnetic elements, whiie the- other part 1b a rotor coup- 
led to ths-.rim and having * magnetio circuit- with magnetic 
elements disposed along the rotor, periphery and magna - 

10 tically ifcieraating with the magna tic elemental of the 
stator to iotate the rim, a commutator formed by insula- 
ted current-carrying bars electrically inieroonne cted 
in an alternating order to form two groups of bars; 
at least two current collectors, each having at leas 

15 one slip element, Interacting with the oommutator bars, 
the width of any slip element being less than the^ dis- 
tance between any two adjacent bars of the bomawtator;. 
according to the invention, the commutator, and the 
current collectors ara> mounted on different parts of* 

20 the eleotrio motor; the magnetic elements of the stator 
magnetio circuit are well known eleotrio magnets ar- 
ranged in at least' two groups; at least one group is 
. eleotrioally coAnooted to the controlled voltage unit; 
at least on* current oolleotor corresponding to said 

25 group of magnetlo elements; installed* on different 
. parts of the electric motor are at least one contact 
element and at least one additional current collector 
with at least one current collecting element interac- 
ting with the contact element; the groups of electric 

30 magnets of the stator are displaced relative to each 
other so that when the slip elements of the current 
oolleotor corresponding to one group of electric magnets 
are located between the commutator bar a, the eleotrio 
magnets of this group are disconnected from the control- 

55 led voltage unit, while the electric magnets of the 
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other group, having contact through the slip {elements 
of the respective current collector and commuts'stor bar, 
the slip elements of the additional current odlleotor 
and the contact element, are electrically connected 

5 to controlled voltage unit and ma^netioally coiupled 
with the magnetic elements of the rotor providing 
rotation of the rim, while their axles are disposed . 
between the axles of the magnetio elements of fcbe rotor. 

In auqh a design of the motorized wheel, frigh reliahi 
lity is provided due to the following facts* the- most 
complicated elements are made stationary and released 
from a ourrent overload, the. power is kept constant 
under different loader high dynamic and regulation 
characteristics of the motorized wheel, high power 

15 provided by^the high ourrent used ia this machkae. 

The contact element in the mofcorlzeS wheel . 
oan be made in the form of a ring-shaped curreiit— * 
carrying contact. 

To improve the regulation character! stios, the 

20 motorized wheel may be provided with at least dne 

additional commutator made of current-conducting bars 

electrically and alternately connected to fori two 
groups interacting with the slip elements of at least 
one current collector . In so doing, the additional 

25 commutator ia rigidly mounted on one of said part a 

of the eleotrio motor and is insulated from this part. 

To provide constant-power operating mode, La control- 
led winding switching unit is fixedly mounted in the 
motorized wheel; said switch has inputs whose aumber 

30 is equal to that of the groups of eleotrio magnets 
of the stator and is connected to the circuit Of the 
electric magnets of the groups and controlled itoltage 
unit, the outputs of the controlled winding switching 
unit being electrically connected to the leads lo£ the 

35 stator electric magnets. 
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?o rise the controlled voltage and enhance the relia- 
bility, a controlled voltage switch ia mounted in 
the motorized wheel- fixedly relative to ita aaie..This 
a^itoh is oonneoted to the electric magnets- o£ the 

5 groups and oontrolled voltage unit and has outputs 
and oontrol inputs* the number of each of theai is at 
least equal to that of the groups of eleotrio imagnate, 
and another input; the controlled voltage unit* has firat 
and second outputs; the first output is *le ethically 

10 connected through the slip elements to the reactive 
current oolleotor and additional our rent oollebuor. 
bars of at least one commutator and. a contact Element 
to the . oontrol inputs of the oontrolled voltafe^ switch 
to supply oontrol voltage thereto ? iihile t&* sroond. 

1 5 output is oonneoted to the input of /the controlled: . 
voltage switch to supply oontrol voltage thereto, eaoh 
output of the oontrolled voltage switch being frleoirioally 
connected to the outputs of the eleotrio magnate of one 
respective' group* 

20 •-• In order to increase the reliability, the control-, 
led voltage unit is mate in the form of a -source of a 
heteropolar voltage with three outputs* one output of 
the electric magnets of the groups is electrically con- 
nected .to. the grounding output of thei controlled 1 voltage 

25 unit, while the output of the elec trip magnets J of the 
groups is eleotrioaily and alternately connected with 
the first and second outputs of the controlled ivoltage 
unit via the slip elements of the respeotive current 
oolleotor, commutator bars and the contact elerients. 

30 ■• When the current oolleotor corresponding 1» the 
groups of eleotric magnets 9 each hiving two slip ele- 
ments, and when the slip elements of one of thai current 
oolleotor dre disposed between the commutator hers, 
the slip elements of the* other current pollectdr are 
35 disposed on the bars of different groups of thfr 
commutator* 
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To Improve. the regulation properties of the motorized 
wheel, the stator electric magnets in any grotlp and 
rotor magnetic elements are disposed around a telroumfe- 
rence that the angular distance between the axes of 
5 any two eleotrlo magnets of the stator of one (group and 
the axes of the magna tic elements of the xotoaj is mul- 
tiple to the angular distance^ * any two eleoitorio 
magnate of one group and aoy two magnetic elements 
have opposite polarity with *n angular distances between 

10 their axes equal to the odd number of angular Hi stance a aC 
and h*ve the aame polarity at. the ma number ief. angular 
distance | when the slip elements of the oukrent 
collector of the respective group of electric magnet a 
are in one of the positions between, the. bars of the 

15 commutator, the axes, of the eleotrio ma&nets of this 
group coincide* with the axes of the magnetic eieaents 
of the rotor i while the eleotrio magnets of att least 
one of the group are electrically connected to) the 
controlled voltage unit and tlieir axes are. displaced 

20 relative to the axes of the magnetio elements, I in .which 
oase ^»360°/H, where N is an even natural nuaffier, or 
the eleotrio magnets in any group are! disposed i uniformly 
with poles alternating around a circumference,) while 
an even number of magnetio elements with alternating 

25 poles are disposed along the periphery of the iptor 
magnetia circuit; the commutator bars are distributed 
uniformly along a circumf erenow and their numbAr la equal 

to that of the magnetic elements, is which oase ~^*2&0?>M, 
where M is the number of magnetic, elements of -file rotor. 

30 For eleotrio energy recovery, the motorized wheel 

is provided with an electric energy accumulator, while 
at least one commutator has intermediate bars, leach 
of which is placed, between two ad^eoont bars oA the commu- 
tator. The additional bars are electrically connected 

25 to eaoh other alternately forming two groups. o£ eleotrl- 
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oally oonneoted intermediate bars of the commutator. 
When a slip element of the current collector feorrespon- 
ding to the group of electric magnets is in contact 
with the Intermediate bar, the electric magnets of 

5 this group have additional elects to conneotioa with 

the electric energy accumulator through the slip elements 
of the respective current oolleotor and additional 
ouxrent collector* the group of intermediate bare of the 
commutator and the contact element. *. 

10 To provide electric energy recovery, various parts 

of the electric motor carry at lea at one energy recovery 
current collector with at least one slip elemaat and 
at least one energy recovery ring contact interacting 
with the slip element, said slip element of tl» energy 

^5 recovery ourrent collector and the energy recovery 
ring contact are inserted in the additional e is c trio 
. circuit of the electric magnets and electric energy 
accumulator* • 

In the embodiment of the invention, which Is very 

2Q simple and reliable, the commutator is. mounted on 
the rotor, while the current collectors, eaoh Shaving 
two slip elements , are mounted on tha stator, iln which 
case, the contaot element is secured on the rdfcor and 
eleotrioally connected to one group of bars ofl the 

25 commutator, while the slip element of the additional 
current collector mounted on the stator ia elelotrically 
connected to the output of the controlled voltlage unit 
whose ground terminal is eleotrioally connected to the 
second group of commutator bars, the slip elements of 

30 each current oolleotor being electrically connected . 
to the leads of the electric magnets of the respective 
group • v 

Every input of the controlled winding . switching unit 
inserted in the electric olrouit of the slip elements 

35 and electric magnets of the group can be conneirted to 
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the respective slip elements of the respective; current 
oolleotor, while the controlled voltage switch: oao be 
inserted in the eleotrio circuit of the slip element a 
and controlled switching unit, in which case, *eaoh 
5 control input of the controlled voltage swltctt is 
electrically connected to the slip elements of! the 
respective currant collector, while eaoh its dntput 
is oonneoted to the respective input of the controlled 
winding switching unit. » . 

10 To provide eleotrio energy recovery, an energy 

recovery slip ring is mounted on the rotor and connected 
to one group of the intermediate bare of the commutator; 
the slip element of the energy recovery ourren* oolleotor 
mounted on the stator Is connected to one output of 
15 the eleotrio energy accumulator who te ground terminal 
la electrically connected to tha intermediate iters 
of the other group. 

To provide reliability, when the commutator a and 
oontaot element are mounted on the stator, tW. number 
20 of commutators mounted on the stator is made equal 

to the number of groups of eleotrio magnets,, -Qxe current 
collector are equipped with two slip element s; the 
slip elements of the ourrent collectors of the respective 
groups of electric magnets are in contact with the 
23 bars jDf the respective commutator* The additional current 
collector is mounted on the rotor while the contact 
element is mounted on the stator, the first slip 
element of all current collectors is connected to the 
alip element of the additional, current oolleotor, 
30 while their second elements have eleotrio connection 
with the grounding input of the controlled voltage 
unit, whose other output la oonneoted to the contact 
element, while the inputs of the controlled winding 
switching unit oonneoted to the groups of bars of the 
35 respective commutator/ ; 
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la accordance with one embodiment of the motorized 
wheel, the magnetic elements and eleotrio -magnets are 
mounted so that their axes are disposed radially to 
the wheel axis, and this decreases the motoriaed wheel 

5 size. * 

■In accordance with another embodiment off the motori- 
zed wheel, the magnetic elements and eleotrio i magnets 
are mounted so that their axes are disposed ik parallel 
to the wheel axis. 

10 To increase the motorized wheel power, the etator 

has at least one additional magnetic circuit and- at 
least one groups of eleotrio magnets is arranged on each 
magnetic circuit of the etator. ! 

In order to control the* moment of applying the 

15 eleotrio power to the motor, at least one commutator 
is made with a possibility of angular displacement • 
relative to that part of "the eleotrio motor, 6a whioh 
it is mounted. 

To simplify the adjustment, at least oneiourrent 

20 oolleotor is made with a possibility of angular displace- 
ment relative to that part of the eleotrio molior, on 
whioh it is mounted. 

• — To- increase, the motorized wheel power, tte rotor 
is provided with at least* one additional magnetio oir- 

2 5 cult with magna tio elements. 

To provide oharging of an electric energy accumula- 
tor, the. controlled voltage unit has an input ito be 
oonneoted to any external power source* » 
Brief Description of the- Drawings !- 

30 The invention will be better understood flxom.the 

following detailed desoription of one embodiment of 
the motorized wheel of a vehicle,, according td the 
invention,' with reference to the accompanying drawings, in 
whiqb: s 1 

25 Figure 1 is a sohematio diagram of the. motorized 
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wheel with a commutator on the rotor; 

Figure 2 is cross-sectional view of the motorized 
wheal and one embodiment of the controlled voltage unit; 
Figure 3 is an electric circuit ia a flymHolio picture 
5 of the motorized wheel; 

Figure 4 ia an embodiment of the winding* switching 

unit; 

Figure 5 ia an embodiment of the control limit-, and 
it a connection to the switches of the oontrolUed winding 
10 switching unit built around integrated switches > . and a 
specific embodiment of one of the integrated switches; 

Figure 6 la an embodiment of tshe cohtroll&d voltage 
switch; ■ - ; . 

Figure 7 ia an embodiment of an electric circuit with 
15 a controlled winding switching unit in a symbolic picture 
of the motorized wheel; 

Figure 8 is an embodiment of the a lea trio! circuit 
of the motorized wheel with a controlled voltage switch 
in a symbolic picture of the motorized wheel ahd an embodi- 
20 ment of the controlled voltage unit; 

Figure 9-1* an "embodiment of the motorized! wheel 
with a commutator provided with intermediate bars; 

Figure 10 shows the motorized wheel commutator 
with intermedi-ate bars; 
25 Figure 11 ia an embodiment of the electrin circuit 

of the motorized wheel with an eleotric energy] accumulator 
in a symbolic picture of the motorized wheel f and, an embo- 
diment of electric energy accumulator i 

Figure 12 is still another embodiment of fche motor!- 
30 zed wheel electric circuit with an eleotric energy 
accumulator and a controlled winding switching! unit ; 

Figure 13 is an embodiment of the motorized wheel 
with commutators on the stator; 

Figure 14 is a partial sectional view of the motori- 
35 zed wheel of Figure 13 with a controlled voltage unit; 
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Figure 15 18 an embodiment of the electric circuit 
of the motorized wheel with a controlled voltage unit 
made aa a source of heteropolar voltage;. 1 ... 

Figure 16 is an embodiment of the motoriaed wheel 
5 with additional magnetic oircuits of the rotoa- and atator 
and disposition of the axes of magnetic elements and 
electric magnets in parallel to the wheel axis* 
Preferred Embodiments of the Invention 
The motoriaed wheel (Figures 1, 2) oomprisee an axle 1, 
10 a rim 2 capable of rotating relative to the axle- 1 and 
carrying a bus 3, an eleotrio drive with a ooatrolled 
voltage unit and an electric motor built in the., wheel 
and consisting of two parts* one of which is a stator 4 
rigidly secured on the axle 1 and harving a magnfetio oir- 
15 cult 5 including at least two groups of eleotidc magnets 6, 
7 t each of whioh corresponds to at least onejcurrent 
colleotor 8, 9. The. other part of " the electria motor 
includes a rotor 10 coupled to the rim 2 and having 
a magnetic circuit 11 with magnetic elements 12 disposed 
20 along the periphery of the rotor 10 and magnetically 

interacting with the electric magnets 6 9 7 of t-fcfce stator 4 
to rotate the rim 2. The number of groups of eleotrio mag- 
nets 6, 7 mounted on the stator 4 can be arbitcrary, e.g., 
three, five and so on, which is not shown in tho drawing 
25 for the sake of simplicity and better understanding. 

The motorized wheel has * commutator 13 tounted 
on the rotor 10 and formed by insulated currenrt-oarrying 
bars 14 and 15 electrically and alternately connected 
to each other forming two groups of bars* Installed 
50 between every two adjacent bars i» one additional bar 16* 
Bach of the current collectors 8 and 9 has at t- least 
one slip element? in this specific embodiment! there 
are mounted two such elements, 17t 18 and 19*120, res- 
pectively, interacting with the bars 14 and 15* The width 
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of each slip element 17-20 is less than the distance 

between any two adjacent bats 14 and 15. 

The motorized wheel has at least one oontaet 

element .21 made in the form of an annular current- 
5 carrying contact (slip ring) and at least one j additional 

slip element 23 interacting with the contact element 21. 
/- The slip elements 17, 18, 19, .20 and 25 bare leads 

24, 25, 26, 27 and 28 respectively. The electsic 

magnets 6 and 7 of the groups have leads 29 and 30 
10 respectively. 

The contact element 21 is connected to one group 

of bars 14 of the commutator 13, while the lead 28 

of the slip element 23 of the additional current collector 

22 is electrically connected to the output 31; of the 
15 controlled voltage unit 32 (Figure 2) whose other output 

is oleotrically oonneoted to the bars 15 of the other 

groups (grounded through the motor- body)* 

The rim 2 can be mounted on the axle 1 through 

bearings 33* i 
2U The bars 14, 15t 16 of the commutator 13 sere 

arranged on a current-conducting annular base '34, 

and each two adjacent bars are insulated one from . 

another (but the bars 14 and 15 are eleotricaUy inters 

connected to form groups) • • 
25 The commutator 13 and current collectors |8 and 9 

are usually disposed on different parts of the electric 

motor (rotor 10 and stator 4). In so doing, their 

position is in many oases invariant. 

The* axle 1 of the motorized wheel is hollow to 
30 pass current leads 35 connecting the internal Elements 

of the motorized whati* with the external otiee!(for 

example the slip element 23 and. unit 32). 

: The current collector 8, 9, 22 are as a rule made 

as a set of slip elements 17-20, 23 (brushes) J brush 
35 holders 36 with spring members 37 pressing thd brushes 

to the bars '14 1 15 of the commutator T3 for a ibetter 
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oontaot, leads 24-28 to supply electricity to $ha slip 
elements and, if necessary, a fastening 38, which may 
be absent when some slip elements are secured bn the 
other slip elements or on the .motorized wheel pomponents 
5 (for example rim 2)# 

The controlled voltage unit 32 may consisfc.of a 
storage battery 39 and a control unit realized! in any 
known way to vary the voltage, e;g», on a variable 
real at or 40 or on a controlled .source of pulsar-width 
10 modulation controlling a switch operatiag in : a| marginal 
checking mode* The unit 32 may be provided witfc a switch 
41 to deenergize the unit 32 • In thta case, tble\ storage 
battery 39, resistor 40 and switch 41 are connebted in 
series ana *co vae output y • , wunc wuo v 
15 storage battery 39 is connected to the output »2 for 
grounding the unit 32 ■> *! 

Irom tha point of view of -a maximum magoeftic flux, 
it is reasonable that the electric magnets 6> I? in ahy 
group are disposed uniformly with pole pieoeo (alternating 
2o along a circumference, while on the periphery jof the 
magnetic circuit 11 of th* rotor 10 an evett mlmber of 
magnetio a lament a 12 are installed uniformly with their 
poles alternating along a circumference. In so doing, 
the bars 14, 15 of thA commutator 13 are arranged uni- 
25 formiy alonig a oirbumferenoe and their number iis equal 
to that of the magnetic elements l2,^*360VM,rtrhere il- 
ls ; the " number of magnetio elements 12 of the rotor 10- 

When it is necessary to provide a larger, paumber 
of turns of insertion of such elements as sensor between 
?u the magnetic elements 12 or eleotrio magnets 6^ 7 of 
the groups, the electric magnets 6, 7 of the sfcatdr 4 
in any group and .the magnetic elements 12 of tflie rotor 10 
are so disposed along a circumference that th£ angular 
distance between the axes 43 of any two e!eot*io mag- 
35 nets 6, 7 of one group and the axes 44 of any i two magnetio 



JUN '92 13: 38 80RGOV0PR0MYSH PftLATO 2332348 S 2072759 P ' 9 



10 



15 



20 



-15- 



elements 12 la multiple to the angular distance eC • A °7 
two electric magnets S, 7 of one group and the: magnetic 
elements 12 have opposite polarity, when' the angular 
distance between their axes (43> 44) M *<J*al (bo. an odd 
number of angular distances ^ , and have the. peme polarity 
in the case of an even number of: angular distances^. 
When the slip elements 1? and 18 (or 19> 20) of the - 
current collector 8 (or 9) corresponding to thte group 
of electric magnets 6 (or 7> tn one of the portions 
between the commutator bars, the axes 43 of the electric 
magnets 6 (or 7) of this group coinoide with- t|he axes 44 
of the magnetic elements 12 f while ^ a360°/H, Jahere N 
is the natural number. 

In Figures 1, 2 the axes 43 of the electric mag- 
nets 6, 7 and the axes on the magnetic element* 12 are 
radlai* 

In the general case, the distance, e.g, between the 
axes 43 of the electric magnets 6, 7 can long i (multiple.' 
to cC +£ c6t * or e^aflplSf for increasing the number of 
turns on the windings of the eleotric magnets ;*» 7. This 
la possible due to the/low steepness of the fwiotion 
of the magnetic flux intensity in the core of ? the 
deenergized electric magnet placed opposite to the mag- 
netic element 12. 
25 'in the current collectors 8, 9 having twa slip 

elements 1?* 18 and 19t 20, the distance between the 
axes of two slip elements is preferably made multiple 
to the odd. number of distances et* * hifl 5*»*sl 
case, when the slip elements 17* 18 of the ourxent collec- 
30 tor 8 are disposed between the bars 14, 15 of (the commu- 
tator 13, the slip elements 19, 20 of the current collec- 
tor 9 are disposed on the bars 14, 15 of variguo groups 
of the commutator 13» 

The eleotric circuit of the motorized wbael is 
35 shown in Figure 3- 
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The controlled voltage unit 32 Is connected to the 
groups of bare 14 and 15j one output 31 of thils unit 
is connected through the additional current collector 22 , 
its element 23 and contact element 21, while the other 

5 output 42 la connected through the "body"* Id some cases 
it la possible to avoid connection through thd "body" 
by using a second contact element and the slip element 
of the additional current collector thU9 providing 
a similar connection* It helps to avoid the adtion 

TO of external factors but adds still another contact pair* 
The electric magnets 6 and 7 are electrically joonneoted 
to the bars 14 and 15 via the corresponding al&p elements . 
17* "3 and 19, 20. In so doing, with dispositSion ox pne 
slip elements 17> 18 of one group • of eleotrio inagnets 6 

15 between the bars 14 and 15 # the elements 19, 20. of the 
other group of eleotric magnets 7 are in oontdot with 
the bars of the commutator 13 forming pole pieces of the 
eleotric magnets 7* * 

In this general oase, the groups of eleotric magnets 

20 6 > 7 of the stator 4 are displaced relative to eaoh 
other so that with disposition of the slip element 18 
or 19 of the current colleotor 8 or 9 corresponding 
to one group of electric magnets 6 or 7 of thoe stator 4 
between the bars 14, 15 of the commutator 13» *&© electric 

25 magnets 6 or 7 of this groups are disconnected! from the 
controlled voltage unit 32, whereas the electric magnets 7 
or 6 of the. other group through the. contacting? slip 
element 18 or 19 of the corre sponding current teolleotor 8 
or 9 and bars 14, 15 of the commutator 13, thet slip, 
elements 23 of the additional current colleotote 22 and 
the contact element 21 are electrically connecsfeed to 
the controlled voltage unit 32 and are magnetically 
coupled to the magnetic elements 12 of the rotor 10 
providing rotation of the rim 2, while their axes 43 are 

35 disposed between the axes 44 of the magnetic elements 
12 of the rotor 10. 
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The motorized wheel can be oompleted withl-a controlled 
winding ewitohing unit 45 and a controlled volAage switch 46 
installed' fixedly relative to the axle 1 of the wheel. 
In ao doing, the winding awitbhing twit 45 oani be installed 

5 outside the motorized wheel (,in the vehiole bbdy) for 
manual switohing connecting it via the current! leads 35, 
while the voltage switch 46 can. he instilled ikiflide the 
. motorized wheel on the stator 4. In~the general oase, 
each of them can be mouzxted both outside or inside the 

10 motorized wheel. * ' • * 

• The embodiment of the controlled winding . prsitohing 
unit 45 is shown in Figure 4. It cosprises f fofe example, 
four switohes 47-50 per group of eleotrio magnets. The 
position "a" is neutral* M b M is aeries oonneotibn, "o* 
is oom&ined parallel-series connection, "d" isi parallel 
connection of the electric magnets ("V" is thei-oommon 
lead of the * switches 47-50) ♦ These well known bohneo- 
tiono of electric magnets in : the groups provide constant 
power and enhanced reliability of the motorized wheel. 

20 q^ie e^itblaes 47-50 are o hanged, over simultaneously 

and can have, a common control (a handle similar i;o the 
transmission control lever of a oar); 

The controlled winding switching unit 45 la electri- 
cally 'connected to the electric magnets 6, 7 and. control- 

25 led voltage unit 32 and has. inputs 50 and 51 whoae number 
is equal to that of the groups of elefotriomagwta, while 
the dwitoh outputs are connected to the outputs of the 
windings of the electric magnets. When it is moRxnfced 
Inside the motorized wheel, without using currant oon- 

50 duotors 35, a control unit 52 must be used. Iniao doing, 
the control unit 52 and the controlled winding i switohing 
unit 45 may be built around integrated oirouita shown 
in figure' 5. *»* 

The control unit 52 is an encoder 53 (foui. input 

35 channels and two outputs ohannels, e.g. SN 54148), when 
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th© controlled winding switohing unit 45 is "baaed on two 
integrated dual switches 54 (four input ohannels per 
output channel, e«S»? H1509A) for each group of electrio 
magnets* On pressing one of the push buttons S<l-S4 f the 

5 switches 47-50 (Fi&ure 4) occupy one of the positions 
•t Q ti _ "d" , while the position T is the switch output* 
For example, suppression of the button. 64 sets; "the 
switch output in the position "d u , i.e*, the eieotrio * 
magnets in each group are connected in-. parallel* 

10 Figure 6 showa an embodiment of the controlled vol- 

tage switch 46. 

It can be baaed on Integrated switches 55-5& having 
two ahannels closed simultaneously when the a high poten- 
tial is applied to the control inputs (for example 

^5 HI201 with two OR gates uniting the control inputs in 
every two inputs)* The. number of pairs' of integrated 
switches 55, 56 and 57 • 58 is equal to ttte numtoe.r of groups 
of electrio magnets 6 and 7„ Inthe pairs therje-are 
united the first and second outputs bf> each integrated 

20 switch and are conneoted to the corresponding .output 59 
of the controlled switch voltage 46* The controlled input 
of the integrated switches 55-5.8 are connected each 
to the corresponding to control input 60, the ICirst in- 
puts are interconnected and connected to the input 61 

23 of the controlled switch 46/ while the second inputs 
of the integrated switches are grounded (in ttte general 
oase lei the absence of grounding of the controlled vol- 
tage unit 52 they are connected to its corresponding 
output 42). 

20 Shown in Figure 7 is the electrio circuit of the 

motorized wheel with the integrated winding switching 
unit 45. In so doing, the inputs 50 and 51 of fthe switch " 
45 are connected to the outputs 24-27 of the respective 
of the slip elements 17-20, while the outputs tare con- 

35 neoted to the outputs 29 and 30 of the electric magnets 6 f 7» 
The swltoh 45 can be controlled by tha control* unit 52 
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whose output ia oonneoted to the control inputs of the 
switches 47-50 (Figures 4,5). I 

Figure. 3 shows a version of connection oft the control- 
led voltage switch 46 having a nuriber o£ control in- 

5 puts $Q and outputs 59 each equal to the number of groups 
of electric magnets 6, 7. The controlled voltage unit 32 
has two outputs 62 and 63 , the first of which ta used 
to supply a voltage through the slip elements 17-20 
and 23 » the contact element 21 and the bars 14t 15 of 

10 the commutator 13 to the control inputs 60. of the controlled 
voltage switch 46, while the seoond output 63 is used 
to supply controlled voltage to the input 61 of the vol- 
tage switch 46 whose outputs 59 are .oonneoted to the 
eleotria -magnets 6 and 7 of the groups (directly or via 

15 the controlled winding switching unit 45) ♦ (Pheitmit 32 

can be based on two storage batteries 39^ and 39 2 , one of 
whioh is oonneoted to the second output 63 through a 
oontrol unit in the form of a variable resistor 40, 
and the other is connected to the first output! 62 (in 

20 some cases, the storage batteries 39^ and 39 2 -are pre- 
ferably connected through functional elements, ie^g, a 
Zener diode or comparators to cheok the oontrol voltage 
and decoupling of electric circuits; in Figure) 8 they 
are connected through awitohes PI and P2). The i outputs 59 

25 of tha controlled voltage switch 46 are connected to 

the outputs 29 f 30 of the groups of electria magnets 6,7, 
the control inputs 60 are oonneoted to the slip ele- 
ments 17-20, and the input 61 is connected to -Oxe output 
63 of the unit 32* ■ 

30 When the slip element 20 is in contact wita the 

bar 14 of the commutator 13, the high potential renders 
the corresponding switch 57 conducting, and anteleotri.c 
current flows through the windings of the eleclteio mag- 
net 7 in a predetermined direction from the sedcnd out- 

35 put 63 of the unit 32* When the other slip element 19 
is in contact with the bar 14 of the comurutatoa. 13, 
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another switch 58 is rendered oonductive, and khe 
current flows in the opposite direction forming opposite 
pole pieoes'of the eleotrio magnets 7. When tli» slip 
elements 18, 19 of one group of electric magnate 7 

5 are in contaot with the additional bars 16 of tehe 

commutator 13, the other switches 55, 56 are rendered 
conductive in turn through the. slip elements PI7, 18 
of the controlled voltage switch 46 providing power 
supply to the respective eleotrio magnets 6 of I the other 

10 group. 

In the general case, the eleotrio cirouiti connecting 
the controlled voltage unit 32 and the eleotrio magnets 
may include controlled awitohes 45 or 46 of wibd±ngs 
or voltage or both, said ewitohed being controlled in 

15 a well known manner. In the case of voltage ooirfcrol, 
these switches are oonneoted in eeriest the outputs 
of the controlled winding switch 45 are oonneoted to 
the outputs of the eleotrio magnets v&ile its inputs 50 
and 51 are connected to the outputs 59 of the oontrolled 

20 voltage switch 46. I-te input 61 is connected t£ the - 
output 63 of the controlled voltage unit 32 wltlls 
the control inputs 60 are connected to the corresponding 
contact elements (e.g# f to the slip elements 1|*-20, 
groups. of bars of the commutator (or oommutatoxja) 

25 depending on the motorized wheel design (Figurd 8 shows 
an embodiment with oonneotion of the oontrol iiiputs 60 
to the slip elements 17-20). * ' " ! 

Figure 9 shews an embodiment with reooveryi of electric 
energy during- the motion. For thi$ purpose, use! is 

30 ma de of energy recovery current colleotor 64! with 
a slip element 65 and a slip-ring contact 66. k a so 
doing, the commutator 13 is provided with group* of 
intermediate bars 67 (Figure 10) .electrically add al- 
ternately interconnected- in two groups (their oannaotion 
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**** 

is not shown In Figure 9)- The slip element 65 has a 
lead 68. The slip-ring contact 66 is electrically con- 
nected to one group of Intermediate bare 67 whose other 
group is connected through, the motor bodd to :*he ground 

5 terminal 42 of the electric energy accumulator whose 
other output 70 is oonneoted to' the slip elemeffct 67. 
The eleotrlo circuit diagram of the motorized wheel 
of figure 9 la shown in Pigure 11. 

When the slip element 17-20 corresponding . to the 

10 group of the electric magnets 6 V 7 is in oontdot with 
the intermediate bar 67, the electric magnets 16, 7' . 
of this group have additional electric connection with 
the eleotrlo energy accumulator 69 ?ia the slip e le- 
. ments 17-20 of the respective current collector 8, 9 and 

15 additional ourrent oolleotor 22 f the group of Hater- 
mediate bars 67 of the commutator 13 and the contact, 
element' 21. ■ . i 

In the general case. Installed on various parts 
of the electric motor are at least one energy jeaoovery 

20 current collector 64 with at least one slip eUeoent 65 
and at least one slip-ring contaot 66 interacting with 
the slip element 65 of the energy recovery current ' * 
collector 64, in which case, the slip element (65 Of 
the energy recovery current dolleotor. 64 and the slip- 

25 *ing contaot 66 are Inserted iBto the additional eleotrlo 
olrouit of the eleotrlo magnets 6^ 7 and electteio 
energy accumulator 69^ »' 

The eleotrlo- energy accumulator 69 can be: made in 
the form of a rectifier and a storage battery 

30 The controlled winding switching unit 45 !La the 

case of eleotrlo energy recovery Is connected iln a 
similar way (Figure 12). " I 

Another embodiment "is possible, in which *he commu- 
tators, whose number Is equal to that of the gioup of 

22 electric magnets, is mounted^ on the stator (Pifeure 13)* 
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Figure 13 shows a version of mounting of l*he addi- 
tional ourrent oolleotor 22 on the rotor 10 add the 
contaot element 21 on the stafcor 4. Their dispositions 
are invariant* 

5 Figure shows the stator 4 carrying- an additional 

commutator 71 with. groups of bars 72 and 73, bietween 
which additional bars 74 are mounted* In this base, the 
eleotrio magnets 6, 7 of the groups contact wiifch the 
groups of bars 14, 15 and 72,. 73 of the corresponding 

10 commutator 13 and 71 either directly or via thi* controlled 
winding switching unit 45* The slip element 2JR of 
the additional current collector 22 is connected to 
the slip elements 18 and 19, while the contact! element 21 
is connected to the output 31 of the controlled voltage 

15 unit 32. The other output 42 of the. unit 32 isleleotri- 
oally oonneoted to the other slip elements 17 and 20 
•through the body (not shown in the drawing). ' 

Figure 14 illustrates a oross-sectlonai view of the 
motorized wheel 10 shown in Figure 13. In this] embodiment 

20 the fastening 38 of the current oolleotor are not used 
because the brush holders are secured on the rim 2. In 
so doing, this construction, like any other, eig» shown 
in Figures 9t 11 » aay include well known devices! control- 
led winding switohlng unit 45 whose outputs are oonneoted 

25 to the groups of bars of the corresponding oomnatator 13 
or 71 (Instead of slip elements), a controlled ivoltage 
switch 46 whose control inputs are connected td the 
groups of bars of the corresponding commutator or 71 
(Instead of slip elements), switches 45 and 46 ioonneoted 

30 in series, the control inputs of the, controlled voltage 

switch 46 being oonneoted to the bars of the corresponding 
commutator 13 or 71* 1 

When the commutators 13 and 71 and the contact 
element 21 are mounted on the eta tor 4, the nun&ar of the 
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oommutator 13, 71 disposed, on the stator 4 i a made equal 
to the number of the groups of electric magnets 6, 7, 
the current collectors 8, 9 having two slip elements 
17-20. The slip elements 17-20 of the ourrent dolleotors 8, 
5 9 corresponding to the groups of eleotrio magnets 6, 7 
are in contact with the bars 14, 15 and 72, 73 of the 
respective commutator 13> 71 • The additional current 
collector 22 is mounted on the rotor 10, while ithe 
oontaot element 21 is mounted on the stator 4; ithe first 
10 slip element 18, 19 1 of all current collectors ia eleo- 
trioally connected to the slip element 23 of the addi- 
tional ourrent collector 22; their second elem«tats 17 > 
20 have electric connection with the grounding (output 42 
(or output 62 when the voltage switch 46 is switched on) 
15 of the controlled voltage unit 32 whose other output 31 
(or output 63) is oonnected to the contact element 21 • 

The inputs 50, 51 of the controlled winding switching 
unit 45 can be conneoted to the groups of bars rt*, 15 
and 72, 73 of the respective commutator f 13 aad '71 » or 
20 the inputs 50, 51 of the. controlled winding awirtohing 
unit 45 are connected to the outputs 59 of the ivoltage 
switch 46 whose control inputs 78 are eleotrioally connec- 
ted to the groups of bars 14, 15 and 72, 73 of tthe 
corresponding commutator (not shown). 
25 Figure 15 shows a construction, in which the 

controlled voltage unit 32 is made in the form iof a 
source of heteropolar voltage and three leads 75-77 > 
the lead 75 being a grounding bua. In so doing,' the 
additional current collector 22 has two slip elements 23^ 
30 and 23 2 in contact with the respective contact (elements 
21^ and. 22 2 conneoted to the respective bars 1$ and 15 
of the commutator 13* One lead 29 of the electric mag- 
nets 6, 7 is oonnected to the ground terminal 75* The 
outputs 76, 77 of the controlled voltage unit 32 are 
35 connected to the respective slip elements 23/j amd 23 2 » 
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The power supply lead ?& Intended for connection to 
external power supply sources and for storage battery 
charging is connected through a reotif ier 79 and 
switches S5 and SS to the leads of the corresponding 
5 voltage sources 39^ and 39 2 oonnected to the leads 76 
and 77 of the unit 32 via the switches S5 and- 86, res- 
pectively.. The other leads of. the voltage sources. 39^ 
and 39 2 are connected through control units (ija Pigure 15 
variables resistors 40,j and 40 2 ) to the ground! terminal 
10 75 of the unit 32. 

Pigure 16- shows an embodiment of the motorized 
wheel comprising slip elements 17-20 secured on the 
stator 4, a first magnetic cirouit 5 and. a seapnd magnetic 
oircuit of the stator 4 t each carrying a group; of 
15 eleotrio magnets 6, 7 and a current' collector j23. Mounted 
on the rotor 10 is a main commutator 13 and an additional 
commutator 71 made on insulated annular bases 04 and 81; 
a first, magnetic circuit 11 and a second magneltic cir- 
cuit 82 of the rotor 10; a ring contact element 21 
20 electrically connected to the group of bars 14., -72 
of eaoh commutator 13* 71> and a rim 2 with a jfcyre 3* 
The outputs 31 and 42 of the controlled voltage unit 
32 are eleotrlcally connected so that one of them is 
connected to the current collector 23 and the jothar la 
25 oonnected to the group of bars 15* 7J o£ the qommutators 
13 and 71 (through the body)* The axes 43 of the 
electric magnets 6, 7 and the axes 44 of the njaignetio 
elements 12 are disposed in parallel to the axle 1 
of the wheel* 
30 The following remarks should be made : » 

1» Permanent magnets should pref ergbly.bd used 
aa the magnetic elements 12 of, the rotor 10# EC the 
magnetic elements 12 are electric magnets, itils necessary 
to use additional current collectors and contact elements 
35 to energize the eleotrio magnets of the rotor rio from the 
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storsge battery 39 of the controlled voltage unit 32 or 
from another built-in voltage source* \ 

2. The commutator and. ourrent collectors,! the 
oontaot element and the additional current collector, 

5 the slip-ring oontaot and the energy reoovery /current 
collector can be secured partially on the stater and 
partially on the rotor. Shown in Figures 1 and 13 are 
various methods of fixing the oontaot element 121 and 
additional current colleotor 22. ; - 

3. To reduce the amount of contact elements, use is 
made of at least one current collecting slip ejlement 

of the current collectors* In this case, -when none slip 
elements 17-20 of the current collectors, corresponding 
to groups of electric magnets, is used, the controlled 

15 voltage unit 32 must be made as a source of h^teropolar 
* voltage. When an ordinary storage battery is uaed (which 
increases the voltage amplitude) said current .^collector a 
have two slip elements. In this case, however; it is 
possible to oonneot one group of bars of the \ commutator 

20 through the body (Figures 1 r 2) so only one element 23 
of the additional current colleotor 22 is uaecfc. Similar, 
reasoning concern intermediate bars (Figures 9» 11)* 
In order to exolude any interference from external 
souroes, it is expedient to avoid connection yla the 

25 body but use two oontaot elements 21 and two elements 23 
of the additional current collector 22. In a similar 
way, the intermediate, bars oan.be connected through 
two slip-ring contacts (with two slip elements 65 of the 
energy reoovery current colleotor 64). 

30 4 # Mounting of the current oolleotor implies sta- 

tionary installation of its element relative to the.. 
corresponding part of the motorized wheel. Th& slip 
elements can be secured in brush holders 3$ oa special 
fixing, elements (Figure 2) on the rim 2. (Figure 14) and 

35 to other fixed slip elements. » 
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5« The eleotrio energy aooumulator 69 max be based 
on a storage battery and rectifier (Figure 11): or on a 
storage battery, when it is used in an edditioinal 
eleotrio oircuit with the eleotrio magnets 6 f ff of the 

5 rectifier (as an individual component)* t. 

6. The controlled voltage unit 32 is preflerabjy 
based on' a connection of . the storage battery 39 with an 
output 31 through a transistor operating in a Marginal 
mode (to avoid losses) and controlled by 3 pulae-width 

>IO source (whose duty factor depends o& a required rota- 
tional speed). 

The operation of all embodiments of the motorized 
wheel is similar to that of the prior art and Is based 
on the forces of eleotromagnetio.Attraotioa and repulsion 

15 appearing during the interaction of eleotrio mtenets.6,7 
of stator 4 and magnetic elements 12 of the - rotor 10* 
When the electric magnets 7 are in a position vith their 
axis 43 is between the axes 44 of the magnetic* elements 12, 
an electric, current flows through the windings! of the 

20 electric magnets 7 so that formed on its suxfabe in the 
process of dotation is a magnetic pole opposite to the 
pole of the next pole of the magnetic elements* 12 and 
identical to pole of the preceding magnetic elements 12. 
Thus, the electric magnets 7 are simultaneously repulsed 

25 from the preceding magnetic elements 12 and are attracted 
to the next ones. When the eleotrio magnets 6 are opposite 
to the magnetic elements 12, they are deenergi&ed due 
to the fact that the slip elements of the corresponding 
current collector are located between the bars '14 and 15 

30 of the commutator 13* However* the' rotation is i not 

stopped due to the fact that an electric ourreit flows 
through the windings of the. electric magnets 17 of the 
other group. In so doing, when the slip elements 1 7-20 
contact a regular additional bar 16, the direction of the 
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current in the electric magnets inverses, and an opposite 
pole is formed on the surfaoe of the electric magnets 
facing the magnetic elements because of the ooirtact of 
the slip elements 17-20 ™ ii?h b « r 3 of tho **** groups 
5 14 or l5» 

' In the general case, with m groups of electric 
magnets, the electric magnets of one to m-1 groups can 
he daenergized simultaneously. \ 

When the slip elements are in oontact with the in- 
10 termediate barer 67 (7*0 , an electromotive force appears 
in the windings of the electric magnets 6, 7 due a charge 
of the magna tio. flux in the cose of the eleotrio magnets 
6, 7 at the expense of the rotating magnetio elements 12 
of the rotor 10. This voltage is used for charging the 
15 electric energy accumulator 69, >.-•".! 

The motorized wheel operates as follows- t 
When a voltage from the controlled* voltage unit 32 
is applied to the commutator 13 (by oloBing the switch 41) 
via the slip elements 23 of the additional current 
20 collector 22 and oontact element 21, the group! -of: electric 
magnets 7 comes in electromagnetic interaction) with the 
magnetic elements 12 of the rotor 10 due to th* oontact 
of the slip elements 19, 20 With the bars 14 afrd 15- The 
electric magnets 7 ar* repulsed from the preceding and 
2 ^ attraated to the following magnetic elements 12 (in the 
direction of rotation) producing a torque ♦ i 

At this time, the other electric magnets 6 produce 
no torque due to the absenoe of electric our re art in. 
theiir windings since the associated slip elements 17, 18 
30 are between the bars 14 and 1?. ; 

Therefore, at least one group of electric* magnet* 6 
or produces a torque* 

In the process of rotation the slip elements 19, 20 
happen to be between the bars 14, 15 of the commutator 13 
35 disconnecting the electric magnet* 7 while the i other slip 
elements 17, 18 are In contact with bars 14, 15 providing 
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the interaction of the eleotric magnets .6 of tbe other 
groups i 

Then the process la repeated and the rotation la 
provided by at least one group of eleotric magaeta 6 or 7* 

5 By varying the controlled voltage- parameter of tthe unit 32 
(e.g., amplitude), the current through the electric 
magnets is controlled. In another type of control. (for 
example pulse-width control) the 'amount of electricity 
fed to the windings of the electric magnets 6, \$ is varied 

10 thua controlling the force of electromagnetic Interaction. . 
and, therefore, ohanging the rotational speed*.: 

f A oonneotion of the controlled /winding switching 
unit 45 (Figure 7) to the eleotrio oirouit allocs one 
to change the inductance and the type of oonneortion of 

15 elfectrio magnets to provide constant power • In ithis oaee t 
with low speeds (and high loads) the electric qegnets 
are connected in aeries (position "b n of the s'oLtohes 
47-50, Figure 4), while at a high speed, af ter i accelera- 
tion, the eleotrio magnets are connected in parallel 

20 (position "d H of the switches), while in the prooess 
of acceleration or depending on the load the switch 45 
provides intermediate switching of the winding* (position 
"o" of the switches) which can be series-parallel, parallel, 
-series or another (for example, disconnection i. of some 

22 electric magnets). i 

The winding switching unit 45 can be controlled by 
hand (similarly to the transmission control lever of a car), 
when it la mounted outside the motorized wheel I or via an 
electronic control unit 52 so that the switch 45 can b,e 

50 mounted inside the motorized wheel, to avoid allot of 
current supply wires 35 from the eleotrio magnets and to 
enhance the convenience of control of the switch 45* 

The controlled voltage switch 46 can be baaed on 
the controlled voltage unit 32 with two outputs' 62 and 63, 

35 the first of whioh is used for applying a oontrol voltage 
to the control Inputs 60 of the switch 46 and ttie second 
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one is used to supply a higher controlled voltage to the 
input 61 of the controlled voltage ewitob 46, tie voltage 
from the leads 59 being appiied to the winding* of the 
eleotrio magnets 6 and 7» I 
5 In this case, before starting the motion ctf the 

vehicle, the switches (Figure 8) and P g are | closed 
thue switohitig on the storage batteries 39^ and 39 2 » Ia 
so doing, the oontrol inputs 60 of the switch 46 is fed 
with a control voltage from the output 62 of -She unit 32 
>j 0 depending on the disposition of the eleotrio magnets- When 
the electric magnets 7 are disposed between th« magnetic 
elements 12, the oontrol voltage is applied to? the 
control inputs 60 through the elements 19 *»d 20. Depending 
on the voltage level, one of the integrated switches 57 
15 or 58 (Figure 6) ie switched on providing connection 
of the second output 63 of the unit 32 to. the -windings 
of the eleotrio magnets 7. Ho voltage is applied to. the 
electric magnets 6. The control inputs 60 are flual (eaob 
having a par "of leads) to connect two slip elements, whose 
20 disposition on the bars -14 and 15 defines the Voltage 
(U a > O). ; 

During the motion of the motorized wheel tat the 
expense of the oounter-electromotive force apB"ring 
the windings of the electric magnets energy recovery 
25 can be effected (Figures 9-11)- «hen the eleotfric mag- 
nets 6 of one group are disposed opposite to -She magnetic 
elements 12, i.e. when the aiip elements 17 ri* of the 
corresponding current collector 8 are between ;*he bars 14, 
15 and on the intermediate bars 67 of the commutator 13 » 
30 they are connected to the electric energy accumulator 69 
to charge it by pulse .current via 1?he slip elements 17 » 
18 of the corresponding current colieotor 8, |the slip 
elements 65 of the energy reoovery current collector 64, 
the intermediate bars 67 and the slip-ring oofffcaot 66. 
35 The beet embodiment of the motorized wheel is a 
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deeign shown in Figure 12 combining eleotrio ei»rgy 
reoovery ana a controlled winding switching unit 45 to 
enable one to vary the indaotancd of the groups of 
electric magnets and to reoover the energy in the process 
5 of motion, operating similarly to the above -described 
systems* i 

Figures 13$ ^4 show an embodiuent, in whiob the 
commutators are arranged on the stator. In this- case* 
the commutator bars are connected to the leads lot the 

10 electric magnets of the groups (instead of the Is lip 
elements). i 

When a voltage from the controlled voltage* unit 32 
is applied to the contact* element 21 , it ia alio applied 
to the commutator 13 through the slip elements [23 of the 

15 additional current collector 22 and. the slip elements 18, 
1.9. When some slip elements 17> 18 are between bhe 
bars 72 and 73 » the other elements 19,- 20 are dn the bars 

14 and 15 of the commutator 13 feeding the cor {eleotrio 
magnets 7 through the commutator. In the process of .rota- 

20 "fcion the voltage is periodically applied to thai bars 14, 

15 and 72, 73 of the commutators 13 and 71 providing 
alternate interaction of the electric magnets 6* 7 of 
different groups with the magnetic elements 12 tof the 
rotor 10* *, 

25 In this embodiment a similar application of the 

controlled switches 45 and/or 46 is possible • i 

When the controlled voltage unit 32 is source of a 
heteropolar voltage, use is made of an additional current 
oolleotor 22 with two slip elements 23 1 and 232*. while 

30 the ground terminal 78 of the unit 32 is connected through 
the body -bo one lead 29 of the eleotric magnets! 5, 7 o* 
the groups (Figuxe 15). When the heteropolar voltage is 
applied to the bars 14, 15 of the commutator 13!, the 
cux-xenl? lu tlio windings at una eleccrio magnets! flows in 

35 on& or aaothfti* direction depending on th* 31-ou.pt* of: bdxd 



24 JUM '92 13:51 80RG»^V0PRa-IYSH PftL*Tft 2302348 S P - 2 ~ 

2072759 

-31- 

(oonneoted to different outputs 76, 77 of .the \mlt 32) 
whioh the Blip elements 17 or 20 is in contact* 

The operation of the device shown, in the Jisxxres 15 
and 16 is identical to that of the device shows in 
5 Figures 1,2,3- 

Industrial Applicability i 
The motorized wheel can be used in various vehiclea 
such as wheeled chairs, electric bikes, electric mini- 
tractors, electric . carriages and eleotrio cara> prolonging 
10 their service life, as compared to the prior art. The 
application of the controlled winding swltohin^ unit 
enhances the power with the same speed or speed at the 
same power at low speeds and increases the mtlfcege by 

15 Two motorized wheels are preferably used iin wheeled 

chairs. The operating voltage t 24 volts (two storage 
batteries, each of 12 volts). The average operating 
ourrent is equal to 6 A. Power output 1 60,W far each 
wheel. Speed t 15 km per hour. Load capacity* 1O0 kg. The 
20 distance of aelf-pontained run is up to 160 k* depending 
on the storage batteries used. .! 

In eleotrio bikes it is advisable to use (a single 
motorized wheel. In so doing, the operating voltage 
is 48 V Cfour storage batteries of 12 V eaoh) P The 
25 average operating ourrent is 5 A. The power is 220 W. 

The speed is 55 km per hour. The load carrying oapaoity 
is 1O0 kg. The diatance of self-contained run; is up to 
160 km depending on the type of storage batteries used. 
Blectrio mlni-traotors are preferably equipped 
30 with four motorized wheels. In so doing, the operating 
voltage is 24 V (two storage batteries of 12 f each). 
The average operating ourrent- is 30 A. The power is 700 W. 
The speed is 35 km per hour. The load carrying oapacity 
is up to 760 kg. The distanoe of self -contained run 
is up to 90 km depending on the type of storage, batteries 
used . 1 



35 
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A battery-operated truck (factory shop transport) 
is preferably equipped with two motorized wheels* la 
so* doing, the operating voltage Is 24 Y (two storage 
batteries of 12 V each). The average operating current 

5 Is 24 A. The power is 3.00 W per wheel. The speed la 30 km 
per hour. The load oarrying oapabity la 400 kg* The 
distance of self -contained run Is up to 60 km (depending 
on the type of storage batteries used* ! 

A battery-operated truck (factory shop transport) 
is preferably equipped with two motorized wheels. In 
so doing, the operating voltage Is 24 V (two storage 
batteries of 12 V each). The average operating, current 
is 24 A* The power is 30O W par wheel* The speed la . 
30 km per hour. The load oarrying oapabity is|400 kg. 

15 She distance of self-contained run Is up to 60 km depen- 
ding on the type of storage batteries used* \ 

A olty eleotric car is preferably provide^, with 
two motorized wheels* In so doing, the operating voltage 
is 48 V (four storage batteries of 12 V each)* The 

20 average operating current Is 22 A. The power is 500 W 

per wheel. The speed Is 90 km per hour. The load carrying 
capacity la 280 kg* The distance of self-contained run 
Is up to 450 km depending/ on the type- of storage batteries 
used.. . i 
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CLAIMS i - 

1. A motorized wheel for a vehicle oompriiBing an axle 
(1), a rim (2) oapable of rotating about the sale (1), 
aa electric drive with a controlled voltage unit (32) 
5 and an eleotric motor built in the wheel and comprising 
two parts, one of which ia a stator (4) rigidly aeoured 
on the axle (1) and having a magnetic oirouit << 5) with 
magne tld elements, whilo the other part is a xtotor (10) 
coupled to tne rim (2) and having a magnetic circuit (11) 
10 wi*h magnetic elements (12) disposed around the cir- 
cumference of the rotor (10) and magnetically (interacting 
with the magnetic elements of the stator (4) to rotate 
the rim (2), a commutator (13) formed by insulated 
current-carrying bars (14, 15) eleobrically interconnected 
15 in an alternating order to form two groups of \baxa' t ■ 
.at least two ourrent collectors (8, 9)» aach hiving at 
least one slip element (18, 19, respectively) [interacting 
with the bars (14, 15)' of the commutator (13) i the width 
of any slip element (13, 19). being leas. than the distance 
SO between any two adjacent bars (14, 15) of the (oommutator 
(13), o h a r a 0 t a r i a a d in that, thd commutabor 
(13) and the. ourrent collectors (8, 9) «» mounted on •> 
different parts of the eleotrio motor r the magnetlo 
elements of magnetlo oirouit of the- stator (4) are well 
25 known, eleotritr magnets (6, 7) arranged in at least two 
groups* at least one group is electrically connected 
to the oontrolled voltage unit (32)» eaoh of tfce groups 
corresponding* to at least one ourrent oollect»r (8,9)t 
installed on different parts of tho electric motor are 
30 at least one contaot element (21) and at least one addi- 
tional ourrent collector (22) with at least one ourrent 
collecting element (23) interacting with the oontaot 
element (21); the groups of eleotrio magnets of th© 
stator (4) are displaoed relative to eaoh other so that 
35 when the slip elements (18' or 19) of the currant collector 
(8 or 9) corresponding to one group of eleotrio magnets 
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(6 or 7) of the stator (4) are located. *» *»« 
(14. 15) erf the commutator (13), the electric magnets 
(6 or 7) of this group are disconnected from t» controlled 
voltage unit (32), while the electric magnets (£or 6) 

5 of the other group having contact through- the s£p element 
(18 or 18) of the respective current collector^ or 8> 
and the bar (14 or 15) of tt. commutator WMJMl» 
element (23) of the additional currant col* 
and the contact, element (21) are electrically connected 

10 to the-controllod -voltage unit (32) 

their exec (43) are located between the axe- (f*) of 
the magnetic elements (12). of the rotor (10). , 

2. The motorized wheel, according to Olaija 1 , 
characterized in that the contact element 
(21) is made in the form of a ring-shaped- current- ;. - 

carrying Contact. : 

3; The motorized wheel , aooording to Clain i , 
20 c h a r- a c t e r i z e d in that the motor^ed wheel 
has at least one additional commutator (71 ) made of 
ourrent conducting bare (72, 73) electrically;^ al- 
ternately interconnected to form two groups interacting 
„ith the slip elements (18) of at. least one ourrent 
25 collector (8), in «bioh case, the additional ocmmutator 
(71) ia mounted on one of said parts of the electric 
motor and is rigidly insulated therefrom.- , 

-4. The motorised wheel, aooording to Claim 1, 
o h a r a c t e r i * e d in that the installed 
„o fixedly relative to the axle-(1) is a controlled winding 
3 switching unit; (45) having inputs (50, *>, w^ose- number 
ia equal to that of the groups of electric magnets 
(6, 7) of the stator (4), and ie connected to f the cir- 
cuit of the electric magnets (6, 7) of the groups and a 
35 controlled voltage unit ( 9 2), the outputs of {the cent- 



1 
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rolled winding switching unit (45) being electailoally 
connected to the leads of the electric magnets i< 6 f 7) 
of the stator (4)* * 

5> The motorized wheel, according to Olainl 1, 
5 characterized in that a controlled voltage 
switoh (46) is mounted f ixedly relative to the taxle 
(1); said switch is connected to the electric ajagnets 
(6, 7) of the groups and controlled voltage uni* (32) 
and has outputs (59) and control inputs (60), the 
number of eacfc of them is at least equal to. thafe cf the 
groups of eleatric. magnets (6 t 7)t and another (input 

(61) ; the controlled voltage unit (32) has a fiferat . 
output (62) and a second output (63) % the first! output 

(62) is eleotrically connected through the slig elements 
15 (17-20 and 23) to the respective current collector 

(9, 8) and the additional current colleotor (2a!) • b§ra 
(14» 15) of at. least one commutator (13) and a toontaotel 
element (2i) to the oontrol inputs (60) of the ioontrolled 
voltage switch (46) to supply control voltage thereto, 
20 while the second output (63) is connected to tiha input 
(61) of the controlled voltage switch (46) to qnpply 
oontrol voltage thereto, each output (59) of the controlled 
voltage switch (46) being electrically connected to 
the outputs of the electric magnets (6, 7) of dna res- 
25 pective group. 

6, The motorized wheel, according to Claini 1, 
characterised in that the controlled vol- 
tage unit (32) ifl niade in the form of a source tef a he- 
teropolar voltage with three outputs (?5i 76, 77); one 
30 output (29) of the electric magnets (6, 7) of the groups 
is electrically connected to the grounding outptat (75) 
of the controlled voltage unit (32), while the lother 
output (30) of the electric magnets (6, 7) of the groups 
is eleotrically and alternately conneoted with fche first 
35 (76) and second (77) outputs of the controlled Voltage 
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unit (32) via the slip elements (18, 19 and 23Jp 23 2 ) 
of the respective current collector (8, 9) andithe addi- 
tional current collector (22), bars (14, 15) of the 
commutator (13) and two contact elements (21^ia0d 21g)» 

5 7. The motorized wheel, according to -Claim i, 

characterized in that when the current 
collector (8, 9) of the respective groups of eHeotrio 
magnets (6, 7), eaoh having two slip elements (17, 18 
and 19, 20), and when the slip elements (17» 18) of one 

10 current collector (8) are located between the >srs 
(14, 15) of the commutator (13), the slip elements 

V »7| CW/ wu. ui-wj vwuwi. w wv—— wv-. w < ar™ 

on the bars (14, 15) of different groups of tho commu- 
tator (13) v 

15 8* The motorized wheel, according to Claim 1, 

o h a "r aoterized in that the electric magnets 
(6, 7) of the stat'or (4) in any groug and the laagrietic 
elements (12) of the rotor (10) are disposed abound 
a oiroumf erenoe so that the angular distance between 

20 the axes (43) of any two electric mafcnets of the stator 
(4) of one group and the axes (44) of any two nagnetio 
elements (12) of the rotor (10) is multiple to* the 
angular distance £ % any two electric magnets £6, 7) 
of one group and any two magnetic elements (12) harve 

25 opposite polarity at an angular distanoe between their 
axes (43, 44) equal to the odd numbe* of angular dis- 
tances fiC and have the samo polarity at an evea number 
of angular distance^; when the slip element [{17* 18) 
of the current collector (8) of the respective! group 

30 of electric magnets (6) are in one of the positions 
between the bars (14, 15) of the commutator (1|J>, the 
axes (43) of the electric magnets (6) of this igroup 
coincide with the axea (44) of the magnetic elements (12) 
of the. rotor (10), while thef electric magnets £7) of at 

35 least one other group are electrically oonneotfcd to the 
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controlled voltage unit (32) and their axee.(4SJ) are 
displaoed relative to the axes (44) of the magto-tio 
elements (12), in which oase ^ =360° /H, where Jisa 
natural number, which i9 even. 
5 . 9» The motorized wheel, according to Clala 1 or 8, 

characterized in that the electric magnets 
<6,7) in any group are disposed uniformly with; poles 
alternating along the periphery of the magnetic circuit 
(11) of the rotor (10), while an even number jof magnetic 
1U elements (12) with alternating poles are disposed along 
a dircumferenoe* the" bars (14,15) of the commutator 
(13) are distributed uniformly along a circumference and 
their number is equal to that of tha magnetic Elements 
(12), in which caae/a 350* /M, rtiere M is the [number 
15 of magnetic elements (12) of the rotor (10). ! 

10. The motorized wheel, according any 0J!a£m 1 or 3, 
oharaoteri zed in that it* is presided 
with a an electric energy accumulator (69), while at 
least one commutator (13$ 71) has intermediate! bars 
20 (67, 74), eaoh bar being located between two adjacent 
bars (14, 15 or 72 , 73)* of the commutator (13 J 71) 
and electrically and alternately connected to teach, 
other, forming t*o groups of electrically oonmected 
intermediate bars (67, 74) of the commutator C13t 71), 
25 in whioh case, with a contact of the slip elemnt 

(18 or 19) of the current collector corresponding to 
the group of eleotric. magnets. (6 or 7) with, the inter- 
mediate bar (67 or 74), the electric magnets (6 or 7) 
of this group have additional electric connection with 
30 the electric energy accumulator (69) through taie slip 
element (13 or 19) of the respective current collector 
(8 or 9) and the additional current oollector l(22), the 
group of intermediate bars (67 or 74) of the commutator 
(13, 71) and the contact element (21)* 
55 11. The motorized wheel, according to Claims 1 and 10, 

characterized in that installed ion different 
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parts of the electric motor are at least one eoBrgy re- 
covery current oolleotor (64) with at least oneislip 
element (65) and at lea9t one ellp-ring slip oontaot (66) 
interacting with the slip element (65) of the energy 
5 recovery current collector (64), the slip element (65) 
of the energy recovery current oolleotor (64) and the 
slip-ring contact (66) being inserted into "the * additional 
circuit of the electric magnets (6, 7) electric 
energy accumulator (69). i 
10 12. The motorized wheel, according to Claim 1, 

characterized in that the commutator (13) 
i» mounted on the rotor (10) while the current foolleotor a 
(8i 9)» *aoh having two slip elements (17-20), 5 are 
mounted on the stator (4). 
15. 13- The motorized wheel, according to Claim 12, 

characterized in that the contact element 
(21) is mounted on the rotor (10) and electrically 
connected to one group of bars (14) of the commutator 
(13) i while the slip element (23) ot the additional 
20 current collector (22) mounted on the stator (4) is 

electrically oonneoted to the output (31) of tim control- 
led voltage unit (32), while the grounding outgut (42) ' 
of this unit is eleotric&lly connected to the second 
group . of bars (15) of the commutator (13) > in which case 
25 the slip elements (17-20) of each ourrent oolleotor 

(£, 9) are eleqtrioally oonneoted to the* outputs (29t 30) 
of the eleotrio magnets (6, 7) of the corresponding 
group t 

14. The motorized wheel, according to Claim 4 and '" 
30 any Claim 12 or 13> characterized/in 
that the controlled winding switching unit (4?) is 
inserted in the electric circuit of the slip elements 
(17-20) and electric magnets (6 f 7)» in whioh case, 
every input (50, 51) of the controlled winding t switching 
35 unit (45) is oonnaoted to the corresponding slip ele- 
ment (17 or 18, or 19* or 20) of the respeotive ourrent 
collector (8,9)* 1 
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15, Otoe motorized wheel, aooording to Clallms 5 

and 15, oharaoteriaed in that ttt* control- 
led voltage switoh (46) ia inserted ia the eleletric 
circuit of the slip elements (17-20) and contztolled 

5 binding switching unit (45); each control input (&) 
of the controlled voltage switch (46) is eleo-feically 
connected to the corresponding slip element (UP-20) of 
the respective ourrent collector (8,9) , while teach 
output (59) of the controlled voltage switch (»6) is 

10 electrically connected to the oor responding input 

(50,51) of the controlled winding switohing urilt (45). 

16. The motor izdd- wheel, aooording to Olaltar 11. and 
any Claim 12, 13, 14, characterized in 
that the slipping contact (66) is mounted on it he rotor 

15 (10) and is 'connected to one group of intermediate 

bars (67) of the commutator (13); the slip element (65) 
of the energy recovery current collector (64) imounted 
on the stator (4) is oonneoted to one output C?0> of 
the electric energy accumulator (69) whose grounding 
20 output (42) is eleotrioally connected to the inter- 
mediate bars (6?) of the other group* L ' _ 
17* The motorized wheel, according to Oldlms 1 
and 3, characterized in that whda the 
commutator (13, 71) and contact element (21) acre mounted 
25 on the stator (4), the number of commutator (13, 71) 

mounted on the stator (4) is made equal to thd number of 
groups of the electric magnets (6,: 7); the oxirrent collec- 
tor (8 f 9)\are provided with, two slip eilemerxts l<17~20) i 
the slip elements (17, "18 and 19,20) of the current 
?0 oollector (8,9) corresponding to the groups o$ eleotrio 
magnets C6, 7) are in oontaot with bars (72,73J*&d 14,15) 
of the respective commutator (71 or 13) * the aaditional 
current collector (22) is mounted on the rotor (10); the 
first slip element (18, 19) of all ourrent collectors 
55 is electrically connected to the slip elements (23) 
of the additional current collector (22), whil* their 
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seoond elements (17, 2U) are eleotricall^ connected -bo 
the grounding output (42-) of the controlled voltage 
unit (32) whose other output (31) is connected! to the 
oontaot element (21); the leads (29 f 30) of thi eleotrio 

5 magnets (6, 7) of the groups are alectrioally ooaneoted 
to the bars (14, 15 and 72, 73) of the respective commu- 
tator (13* 71). • - i 

18. The motorized wheel, according to Claims 4 and 17, 
o h a r a oterized in that the controlled winding 

10 awitohing unit (45) is inserted in the circuit i of the 
electric magnets (6, 7) aad groups of bars (14^ 15 . 
end ?2, 73) of the commutator (13, 71), the inputs 
(50, 51) of the controlled winding switching unit (45) 
being connected to the groups of bars (14> 15 and 72, 73) 

15 of the respective commutator (13 and 71). - ' . 

19» The motorized wheel, according to Claim 1, 
characterized in thai the magnetio ele- 
ments (12) and electric magnets (6, 7) are installed 
so that, their axes (43* *W>) are arranged in parallel 

20 to the axle (1) of the wheel. i 

2U» She motorized wheel, according to Claim 1, 
characterised in that the magnetio elements 
(12) and eleotrio magnets (6, 7) are installed nso that 
their .axes (43i 44) are arranged in parallel to the axle 

25 (1). of the wheel. 

21. The motorized wheel, according to Claim 1,. 
characterized in that the stator l(4) is 
provided with at least' one second magnetio c ireful t (80) > 
in which case, at least ode group of electric magnets 

30 (6, 7) is arranged on each magnetio oircuit (5,j 80) of 
the stator (4). 

22 r The motorized wheel, according to Claib 1, 
characterised in that at least oxsa commutator 
(13> 71) is made with a possibility of angular displacement 

25 relative to the part of the electric motor, on ahloh it 
is installed. ' 
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25. The motorized wheel, according to Olaim 1, 
c h a r'a c.t e r 1 z e d in that at least one current 
collector (8,9,22,64) is made with a possibility of angular 
displaoementrelative to the part of the eleotrio motor, 

5 on which it is installed. 

24. 0?he motorized wheel, aooording to Clalira 1, . 
characterized in that the rotor (C»0> is . 
provided with at least' one second magnetic circuit 
(82) with magnetic elements (12). ; 

10 25. The motorized wheel, according to Gleiim 1 or 5* 

or 6, characterized in that the icbntrolled 
voltage unit (52) has a power supply input (7*) to "be 
connected to any external voltage source. r 

26. A yehiole, characterized in that it is provided 

15 with at least one motorized wheel made according to 
any above Claims t~25* i 
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